Serum cholesterol values are markedly lower in Korea than in Belgium in both males and females. This is attributed to the much lower consumption of saturated fat in Korea. A mean population serum cholesterol value of about 160 mg/dl appears to be compatible with excellent general health and with the absence of ischemic heart disease or other atheromatous diseases. The influence of age, height and weight on cholesterol between Belgium and Korea is qualitatively similar but quantitatively different. High-density lipoprotein cholesterol values are lower in Korea than in Belgium, particularly in females. Differences in the HDL cholesterol level thus cannot explain the low prevalence of ischemic heart disease in Korea.
THE STUDY of populations with different dietary habits can contribute to the understanding of the pathogenesis of ischemic heart disease (IHD).
In this study, we compared the distribution of serum and high-density lipoprotein (HDL) levels in a typically Western population, that of Belgium, with a typically Eastern population, that of Korea. These populations have large differences in saturated fat intake and in prevalence of IHD.
Methods
In Korea, blood samples were taken from volunteers both in Seoul and in Taegu. The male participants, most of them skilled or unskilled workers, underwent a medical examination as part of a job application for employment outside Korea. Also included are military subjects who underwent a routine checkup, university students and school teachers.
Most female participants were working in the hospital as nurses or unskilled cleaning personnel.
The Belgian participants were employed as manual or clerical workers in a large chemical factory on the outskirts of Antwerp. The voluntary participation rate was 99% of the working population of the factory.
All serum lipid determinations were made in the same laboratory and by the same technician, using the same technique. Cholesterol was determined by the method of Abell Several authors have stated that at -20°C total cholesterol36 and HDL cholesterol7 remain stable for as long as 6 months. We examined the influence of storage at -200C for 8 weeks for total cholesterol in 80 samples. The initial value was 212.2 ± 42.7 mg/dl and after 8 weeks the value was 206.7 ± 41.1 mg/dl, a 2.6% reduction. The difference was statistically highly significant (t paired 9.36), but the two values were highly correlated (r = 0.993). In view of the identity of the Belgian values with the lipid values found in other studies, no correction was made. The small possible reduction in cholesterol due to storage in no way influences the comparative value of the data.
Results
The comparative serum lipid values obtained from Belgium and Korea are given in table 1 for males in 5year age classes and in table 2 for females in 10-year age classes. The anthropometric values for males and females in both population groups are shown in tables 3 and 4.
Total serum cholesterol is significantly higher in Belgium than in Korea in all age groups and both in males and females. The increase with age is more pronounced in Belgium, with the smallest difference between the two populations at age 20 years. This is paralleled by a more pronounced increase of body weight with age in the Belgian population.
The HDL cholesterol level is also significantly higher in Belgium than in Korea, particularly in females. The ratio of HDL cholesterol to total cholesterol or to non-HDL cholesterol is lower at all ages in Belgium in males, but not in females. In both Belgium and in Korea, HDL cholesterol decreases between the ages of 15 and 35 years in male subjects. The same decrease occurs in Korean but not in Belgian females. In both populations, HDL cholesterol is significantly higher (p < 0.00001) in females than in males, but the difference is more pronounced in the Belgians.
Except at age 20 years, when the differences are small, the Belgian population is more obese than the Korean population.
The data were subjected to multiple regression analysis (MRA). The MRA was performed in a step up fashion until all remaining factors had a t value > 1.96. No significant increase in the value of the multiple regression coefficient (R) occurred when higher powers (up to the third power) of age, height and weight were included in the MRA. As a consequence, the linear terms of age, height and weight were used in the analysis. The MRA shows that total cholesterol and non-HDL cholesterol behave in a similar way in Korea and in Belgium. In both populations, the levels increase with age and weight and decrease with height. HDL cholesterol decreases with weight both in Korean and Belgian males and in Korean females, whereas no significant influence of weight could be demonstrated in Belgian females (table 5) .
The cholesterol value and non-HDL cholesterol values were calculated from the MRA for a male subject both in Belgium and in Korea, using for each country its own MRA. The arithmetic mean and the weighted mean values were used for the calculation of the data. Thus, the cholesterol and non-HDL cholesterol values were calculated for a Korean or Belgian male subject with the same age, height and weight. The values for total cholesterol (as well as the values obtained using the weighted mean) were 198.4 The univariate correlation coefficients demonstrate in both countries a very high correlation between total cholesterol and non-HDL cholesterol. In Korea, but not in Belgium, a positive and significant though weak correlation was also found between total cholesterol and HDL cholesterol in both males and females (table 6).
Discussion
Prospective epidemiologic studies have demonstrated that the serum cholesterol value in persons younger than 60 years is of predictive value for the assessment of the risk of developing IHD.8 I The Seven-Country Study also demonstrated that the lower the cholesterol, the lower the risk of IHD is in a given population.8 Nevertheless, the problem of estimating the optimum cholesterol value, allowing excellent health while compatible with a minimum risk for developing atheromatous diseases, remains.
In oriental populations, the serum cholesterol value is low in all age groups,9 12 regardless of regional and occupational differences.13 Methodologic problems, however, may make a direct comparison between centers difficult. Moreover, data about HDL cholesterol levels in oriental populations are scarce.
The Koreans are very active and dynamic. In general, their health is excellent, although infectious diseases also known in Western countries, such as typhoid fever and tuberculosis, are still much more Korea because death certificates specifying the cause of death may be issued by doctors trained in oriental medicine who are unfamiliar with modern medical concepts. The scarcity of IHD, however, is generally acknowledged. Kesteloot could not find any case of IHD during prolonged stays in Korea as a visiting professor in the years 1974-1979. The Korean diet is still typically oriental and very low in fat. In fact, fat constitutes only about 10% of the total calorie intake,"147 and approximately 50% is polyunsaturated. Butter, cheese and meat became available only recently and are still used in very small quantities. The major protein sources are soybean meal and fish. The Belgian population has a typically Western diet, with fat accounting for about 40% of the total calorie intake and consisting of approximately two-thirds saturated fat. At age 40 years, the cholesterol value in males is somewhat lower in Belgium than in the neighboring Netherlands (224 ± 40 mg/dl vs 229 ± 41 mg/dl). In both countries, females have a higher HDL value than males, but the difference at age 40 years is much more marked in Belgium than in the Netherlands (18 vs 6 mg/dl). '8 In a recent large American study, Heiss et al.'9 reported a difference in HDL cholesterol of 13.6 mg/dl between males and females ages 40-44 years.
In Japan, Noma et al.20 reported a difference of 6.8 mg/dl in HDL'cholesterol between males and females in the 40-49-year age group, similar to our findings in Korea.
The Korean diet is heavily salted.21 Korean men are heavy cigarette smokers, at least to the same extent as the Belgians, but Korean women are not.
Koreans are consuming more saturated fat as dairy products and meat are becoming more readily available, whereas Belgians are decreasing their consumption of saturated fat and increasing consumption of polyunsaturated fat.N In Belgium, the cholesterol level has decreased a mean of about 16 mg/dl during the past decade.23
Concomitantly, total mortality and mortality due to IHD has significantly decreased. 24 25 Our study has demonstrated that cholesterol is significantly lower in Korea than in Belgium in both males and females. In Korea, the cholesterol level increases much less with age than in Belgium. The increase in body weight and in serum cholesterol and the decrease of height with age in the present Belgian male population sampl'e were similar to those in an earlier, much larger Belgian study. 26 The HDL cholesterol to total cholesterol ratio is higher in all age classes in male subjects in Korea than Belgium, but this is not so in females. A mean population total serum cholesterol value of 160 mg/dl, as in Korea, is compatible with general excellent health and with the near-absence of IHD and other atheromatous diseases. This is in agreement with the goals for serum lipid levels established by the American Health Foundation for the American population. 27 The HDL cholesterol level is also lower in Korea than in Belgium. The difference between both male populations is small, but is more marked for the female populations. The HDL cholesterol level in Koreans is lower even though they are more physically active (due to a relative absence of cars and the mountainous geography) and less obese than the Belgians, two factors that normally increase the HDL level.28 29 Among Korean women, smoking is very unusual and birth control pills are not widely used. Cigarette smoking has been shown to lower HDL cholesterol, while hormonal use does not seem to affect this measurement in women in the 20-44-year age group. 30 These differences thus cannot explain the much higher HDL values in Belgian women.
HDL cholesterol' appears to have a protective effect against atheromatous diseases.-" Thus, the difference in HDL cholesterol is not a factor in the lower IHD rate in Korea. In both Korea and in Belgium, total cholesterol increases with age and weight and decreases with height, while HDL cholesterol decreases with weight ( IHD is more prevalent in the Philippines than in Korea; saturated fat consumption from coconut oil and pig fat are equally higher in the former. It would be interesting to compare lipid distributions in the Philippine and Korean populations.
In Korea, a significant positive correlation was Abbreviations: BM = Belgian males; KM = Korean males; BF = Belgian females; KF = Korean females. found between total cholesterol and HDL cholesterol, whereas in Belgium no similar significant correlation was present (table 6) . This different behavior between the two populations is probably because HDL cholesterol is more important as a determinant of total cholesterol in Korea than Belgium. A significant positive correlation between total cholesterol and HDL cholesterol has also been found both in univariate and in multivariate analysis in school children ages 6-19 years in the Cincinnati study32 and in the Bogalusa study in both white and black children,33 but not in Japanese men ages 50-72 years living in Hawaii.34 This once again demonstrates that environment appears to be more important than genetics in determining serum lipid levels.
The Belgian and Korean diets appear to be changing in opposite directions. It will be interesting to follow the behavior of the cholesterol levels in both countries and the changes in mortality and morbidity due to IHD.
